Introduction
============

Studies have illustrated that a high-fat diet causes severe oxidative stress in the vascular tissue.[@b1-ARYA-09-223] Additionally, it is the cause of mortality and morbidity.[@b1-ARYA-09-223],[@b2-ARYA-09-223] Many believed that it can be induced from a simple dysfunction of endothelial lining.[@b1-ARYA-09-223],[@b3-ARYA-09-223]-[@b5-ARYA-09-223] Moreover, of the factors causing heart failure life style, fatty regimen, hypertension, and a fatty diet, particularly LDL cholesterol, are mainly responsible for hypercholesterolemia that is related to increased damage in vascular tissue by free radical oxidative stress.[@b3-ARYA-09-223],[@b6-ARYA-09-223],[@b7-ARYA-09-223] Although cholesterol-lowering drugs such as statins were used for several decades and are effective in preventing cardiovascular disorders, their usage is often limited because of their adverse effects, such as rhabdomyolysis. These effects are very pronounced when a statin is taken with another type of cholesterol-lowering drug, in particular fibrate. This resulted in the introduction of plants as a source of natural antioxidants.[@b8-ARYA-09-223]-[@b10-ARYA-09-223] Due to the adverse effects associated with synthetic lipid-lowering drugs, the quest for natural products with lipid-lowering potential and without or minimal side effects is necessary. It has been found that many plants are useful as antioxidant and antimicrobial agents and can be used as forms of herbal medicine.[@b11-ARYA-09-223]-[@b16-ARYA-09-223]Among these plants, quince is a suitable source of antioxidant. It contains appreciable amounts of vitamin E and phenolic compounds (catechins, phenolic acids, and kaempferol-3-o-rutinoside), which also have protective effects. Given the high levels of phenolic compounds in the quince leaves (such as kaempferol-phosphate), they are more effective than the fruit and seeds in the promoting of health and are a useful and inexpensive source of bioactive elements.[@b11-ARYA-09-223],[@b13-ARYA-09-223],[@b15-ARYA-09-223],[@b16-ARYA-09-223] The quince leaves are widely used to treat diarrhea, heart palpitations, and eye disease.[@b17-ARYA-09-223] Phenolic compounds from dietary antioxidants are the most natural antioxidants.[@b18-ARYA-09-223] This study evaluated the effect of the quince leaves on biochemical markers such as lipid profiles, liver enzymes, and kidney function, and compared them to a standard medication called atorvastatin.

Materials and Methods
=====================

**Drugs and chemicals**

All drugs and biochemicals used in this study were purchased from Sigma Co (St, Louis, Mo, USA) and from Merck Company (Darmstadt, Germany). All other chemicals an reagents were of analytical grade.

**Atherogenic Food**

Pure cholesterol powder was purchased from Farzan Teb Co. (Merck, Germany). Daily food dosage was measured for 3 consecutive days. Intake rate was obtained for calculating the atherogenic diet formula, and the amount of 54 gr was considered for all animals. A high-fat diet with 2% cholesterol was prepared and stored at 4°C.

**Preparation of the extract**

The quince green dried leaves were purchased from Herbs Chemist (Tabriz, Iran). Methanolic 70% extract was prepared by maceration method. The extracts were filtered three times and concentrated to dryness under vacuum. Then, the percentage of the obtained dry extract (7%) was determined and it was kept at subzero degrees centigrade until administration time. The extract was dissolved in water in order to be given orally by gavage needle.

**Methods**

24 male New Zealand white rabbits (the least number of animals in each group = 6, with 2500 ± 200 weight, and mean age of 8 weeks) were purchased from the Pasteur Institute of Iran. They were kept at 22°C, and given free access to food (from Sahand Niroo Co., Tabriz, Iran) and water at least 7 days before the experimental study. After adaptation, rabbits were randomly divided into two groups of normal diet (n = 6), and high-cholesterol diet (n = 18). The rabbits with the high-cholesterol diet were fed an atherogenic diet containing 2% cholesterol (54 g/day) for 8 weeks. At the end of week 8, groups underwent blood sampling from marginal ear vein. For histopathological studies, all rabbits of the normal diet group plus three rabbits selected randomly from the high-cholesterol diet group were killed and biopsy was performed from left coronary artery. Then, the remaining rabbits of the high-cholesterol diet group were randomly divided into three groups of five rabbits each after stopping atherogenic diet for 12 weeks. The first group was fed with a normal diet without any treatment and served as control group. The second group was given the same diet as the control group plus atorvastatin at a dose of 0.5 mg/kg once a day orally (atorvastatin group). The third group was fed the same diet as the previous groups plus a supplement of quince leaf extract (5 mg/kg once a day orally). At the end of week 12, the blood samples were taken again, and coronary biopsy was performed on all rabbits after thoracotomy. All animal care and experimental protocols were confirmed by the Medical Ethics Committee of Tabriz and complied with the guidelines of the National Institute of Health (NIH publication 86-23 revised 1985).

**Sample collection**

Blood samples were collected from all rabbits in two steps that have been mentioned previously. Plasma was prepared by centrifugation at 3000 g for 15 minutes. Serum levels of lipid profiles such as total cholesterol (TC), triglyceride (TG), low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, and liver enzymes including aspartate transaminase (AST), alanine transaminase (ALT), and alkaline phosphatase (AP), and other biomarkers for kidney functionality (BUN, Cr) were recorded by an Auto Analyzer.

**Histopathological study**

For sampling, animals were anesthetized by appropriate doses of ketamine and xylazine by intramuscular injection. Fixation was perfused by saline buffer formaldehyde-cold PBS 4%, PH: 7.2 into heart ventricle. Histological biopsy of the coronary artery was performed after thoracotomy.

After thoracotomy, coronary specimens were immersed in formalin 10% for 48-72 hour. Then, they were embedded in paraffin and cut into thick sections (5µm), subsequently deparaffinized by graded concentrations of ethanol and xylene, and then were stained by specific Weigert's Iron hematoxylin staining. Finally, surfaces of the whole plaques were measured and compared to surfaces of total coronary arteries by Motic Software. The plaque thickness was confirmed by three observers.

**Statistical analysis**

Results were analyzed by SPSS for Windows (version 16; SPSS Inc., Chicago, IL., USA) and Student's t-test (assuming equal variances), Mann-Whitney test, and Kruskal-wallis test (P \< 0.05 was considered significant) were performed to determine the statistical significance of data obtained from the two groups and compare them to each other). The diagrams were depicted by Microsoft Excel.

Results
=======

**Determination of biochemical markers**

Lipid profile levels in the blood plasma of different groups are shown in [table 1](#t1-ARYA-09-223){ref-type="table"} and [figure 1](#f1-ARYA-09-223){ref-type="fig"}. In the high-cholesterol diet group TC, TG, and LDL levels increased significantly compared with the normal diet group, and HDL decreased (P \< 0.05). Moreover, the biomarkers AST, ALT, AP, BUN, and Cr increased significantly in all groups during the two months of using the high-cholesterol diet ([Table 1](#t1-ARYA-09-223){ref-type="table"} and [Figure 2](#f2-ARYA-09-223){ref-type="fig"}) (P \< 0.05). After three months of discontinuing the high-cholesterol diet, all biochemical markers were measured. This showed that the cholesterol level of the control group of the high-cholesterol diet group was lower compared with before stopping. However, it was still significantly high compared with the normal diet group (P \< 0.05). The 0.5 mg/kg dose of atorvastatin and 50 mg/kg of quince leaf extract significantly decreased TC, TG, LDL, AST, ALT, and Cr levels compared to the control group of the high-cholesterol diet group (P \< 0.05). However, in both of these groups TC, LDL, and AP levels were significantly higher compared with the normal diet group(P \< 0.05), but no significant difference was found in TG, HDL, and BUN levels. In both atorvastatin and quince leaf extract groups, the levels of AST, and ALT showed no significant difference to the normal diet group.

**Histopathologic findings of coronary arteries**

Histological sections of stained coronary arteries and the alternation in coronary plaque thickness from all the groups of rabbits are shown in [figures 2](#f2-ARYA-09-223){ref-type="fig"}, [3](#f3-ARYA-09-223){ref-type="fig"}, and [4](#f4-ARYA-09-223){ref-type="fig"}. Atherosclerotic changes were not observed in the normal diet group ([Figure 3](#f3-ARYA-09-223){ref-type="fig"}a). However, in the intimal surface of the coronary arteries from the high-cholesterol diet group, hyperplasia was seen in media layer along with high infiltration of cells to plaque formation site ([Figure 3](#f3-ARYA-09-223){ref-type="fig"}b). The thickness of the plaque had extended in all experimental groups after stopping the high-cholesterol diet. The thickness of plaques in the control group had extended compared with the high-cholesterol diet group. No considerable difference was seen in the extent of atherosclerotic thickness between the atorvastatin and quince leaf extract groups, and the control group ([Figure 4](#f4-ARYA-09-223){ref-type="fig"}a-c).

Discussion
==========

Beyond the shadow of a doubt, hyperlipidemia is the most important risk factor for atherosclerosis.[@b1-ARYA-09-223],[@b19-ARYA-09-223] Using a daily high-cholesterol diet leads to its accumulation in the plasma membrane that causes membrane damage. This as an atherogenic stimulus increases the production of growth factors and proliferation of smooth muscle cells (SMC).[@b20-ARYA-09-223]Therefore, any factors that reduce cholesterol levels can affect this process.

In this study, high-cholesterol level in plasma was shown by hypercholesterolemic regimen. Our results were similar to the study by Adaramoye et al. in which rats received high-cholesterol diets.[@b21-ARYA-09-223] Additionally, we demonstrated that lipid profiles (TC, TG, LDL, HDL) were returned to nearly normal levels by a standard diet for 12 weeks after stopping the hypercholesterolemic diet in the control group. Salazar et al. also reported that the biochemical parameters of rabbits were returned to normal by returning them to a standard diet. However, the histological parameters were not fully recovered.[@b22-ARYA-09-223]

In The present study, atorvastatin has been used as a standard drug. This drug is one of the statin family of drugs that reduce cholesterol by inhibiting the HMG-CoAreductase. Furthermore, since atorvastatin was used in this study (oral administration) the results were quite predictable.[@b23-ARYA-09-223]Until now, this drug has been used with the high-cholesterol diet by the prophylactic method. However, we have used this drug after accumulation of plaque, in order to demonstrate the reduction or returning of plaque and biochemical marker changes. The obtained results indicated that the drug's ability to return the patient to normal condition (normal lipid profiles and biomarkers) has been effective, but it was less than the group receiving quince leaf extract. The early effects of statin therapy have been to lower LDL by 24-63%.[@b24-ARYA-09-223]

Several studies have indicated that herbal or synthetic medicine decrease mortality of cardiovascular disease (CVD) by cholesterol regulation.[@b25-ARYA-09-223]Accordingly, many efforts have been made to reduce CVD risk through cholesterol regulation. The health advantages of plant foods have been noted by some studies.[@b26-ARYA-09-223],[@b27-ARYA-09-223] Plants contain a variety of flavonoids such as flavonols, flavones, anthocyanidins, and quercetin.[@b28-ARYA-09-223] Moreover, we evaluated the efficacy of quince leaf extract on atheromic plaque. Hayek et al. in their study, showed the reduction in oxidation by flavonoids.[@b29-ARYA-09-223]In another study, two flavonoids in the form of glucuronide and sulfate compounds were administered orally to rats and their antioxidant capacity increased.

Researches have illustrated that phenolic compounds, typically flavonol derivatives such as kaempferol glycoside and 0-3 kaempferol retinoid, are found inquince leaf and act as a filter protection against UV radiation.[@b12-ARYA-09-223],[@b13-ARYA-09-223],[@b15-ARYA-09-223]

Flavonoids cause vascular expansion by increasing nitric oxide; this is an antioxidant property against LDL.[@b30-ARYA-09-223],[@b31-ARYA-09-223] Epidemiological studies have reported the beneficial effect of red wine and foods rich in flavonoids in reducing the risk of high cholesterol.[@b31-ARYA-09-223]-[@b33-ARYA-09-223] Another study compared the protective effect of methanolic quince leaf extract and green tea on erythrocyte hemolysis that is caused by oxidative damage from free radicals.[@b21-ARYA-09-223] The anti-hemolytic effect in humans was demonstrated by both leaves. This study also revealed that the antioxidant capacity of leaf extract was lower than green tea extract. Moreover, there was no linear correlation between antioxidant activity and free radical reduction. In fact, the antioxidant activity of the leaves could be caused by the antagonistic or synergistic activity of bioactive compounds that are still unknown.[@b34-ARYA-09-223],[@b35-ARYA-09-223]

In addition, the current study revealed a significant reduction in lipid profile (TC, TG, and LDL) and increase in HDL cholesterol in all experimental groups after stopping the atherogenic diet. These results illustrated that the group receiving quince leaf extract was more similar to the normal diet group, and the atorvastatin group had a better status than the group which was not taking medication. On the other hand, Suk et al. showed that serum levels of rats receiving a high-cholesterol diet were higher compared with rats receiving a standard diet. After receiving a standard diet for 6 weeks, they were able to return to their normal serum cholesterol levels. However, no change was observed in their triglyceride level.[@b36-ARYA-09-223] In our study, both levels of TC, and TG reduced significantly; the group receiving quince leaf extract was more similar to the group receiving standard regimen in this respect. To confirm, the same results were observed in rabbits fed on apple juice and the group that received high-cholesterol. This result indicates that apple juice has been effective in the adjustment of dyslipidemia caused by a high-cholesterol diet.[@b37-ARYA-09-223] On the other hand, consumption has been associated with a high-cholesterol diet.

The aqueous quince leaf extract was adminestrated in the three doses of 50, 100, and 200 mg/kg with isoproterenol (ISO) by Rajadurai et al. They administrated them orally, injected, and compared the results to alpha-tocopherol. Our study revealed that quince leaf extract in the dose of 200 mg/kg could regulate lipid profile levels, and reduce CK and LDH enzymes elevated by ISO. The effect of aqueous quince leaf extract 200 mg/kg was found to be equal to the effect of alpha-tocopherolin 60 mg/kg.[@b17-ARYA-09-223] The investigation method and objective of this study were different to our study; an atherogenic diet was used with quince extract to evaluate the preventive effect of the extract. Furthermore, we investigated the influence of the development or regression process of quince extract. In this study, we used total extract while previous studies did not mention the component of the leaf extract used.

Our study also showed the reduction of biochemical markers including AST, ALT, ALP, BUN, and Cr by a high-cholesterol diet regimen in the control, atorvastatin, and quince leaf extract groups. These results were consistent with the study by Singanan et al.[@b35-ARYA-09-223] (they demonstrated the hepatoprotective effect of quince leaf extract), and Suk et al.[@b36-ARYA-09-223] (they studied on rat for 6 weeks). However, in the histological results, liver damage caused by a high-fat diet did not improve with a standard diet.[@b36-ARYA-09-223] As expected, an atherogenic diet, as a progression of atheroma catalyst, resulted in an increase of this complication in the aortic and coronary artery in the control group. Increase plaque, in this group, showed that damage to the endothelium caused by a high-cholesterol diet provided a context for further stenosis in blood vessels. In both atorvastatin and leaf extract receiving groups plague formation was considerably higher. In this regard our findings were consistent with the results of other studies.[@b35-ARYA-09-223],[@b36-ARYA-09-223] Our study indicated that plaque formation in the coronary artery in rabbits receiving atherogenic diet. However, after three months follow-up with quince leaf extract 50mg/kg and atorvastatin 0.5 mg/kg, neither drug were able to inhibit the increase in plaque in the coronary; plaque thickness was higher in the control group, which had not been taking any medication, than the quince leaf extract group. This difference was not significant. Decorde et al. showed that the phenols of grape, black grapes, apple juice, and apple decreased atherosclerotic plaque in hamsters by 93%, 78%, 60%, and 48%, respectively.[@b38-ARYA-09-223] A survey on red wine showed a significant reduction in plaque in arteries.[@b39-ARYA-09-223]

Inflammation has an important role in the development of atherosclerosis. The abatement of inflammation in the coronary plaque in the group receiving atorvastatin is due to the anti-inflammatory effects of statins that has already been proven.[@b40-ARYA-09-223]

In some researches, the activity of some enzymes during the inflammatory process were inhibited.[@b41-ARYA-09-223]-[@b43-ARYA-09-223] Plaque stabilizing effects of statins may also be due to the reduction of some inflammatory cytokine after plasma lipid lowering. The reduced anti-inflammatory cytokine levels, such as CRP, with the lowering in TC and LDL prevented the development of atherosclerosis.[@b37-ARYA-09-223]

Conclusion
----------

The results of the present study confirmed the correlation between hypercholesterolemia and atherosclerosis, and also that quince leaf extract, like atorvastatin, can effectively reduce a high-fat diet-induced atherosclerosis.

However, according to histological determination, atorvastatin and quince leaf extract were not able to prevent plaque increasing in the coronary after plaque formation for 12 weeks. Both treatments have been able to reduce serum levels to nearly normal level after plaque formation and accumulation; the quince leaf extract was more effective than atorvastatin which may be due to its phenolic components. It seems that the decrease in plaque must be studied for a longer time at least for the dose used in our study.

Further studies are recommended in order to find the exact mechanism of the quince leaf extract in endothelial function improvement. More effective clinical applications of these natural compounds will be determined.
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![Lipid profile changes in the blood plasma in different groups A: High-cholesterol diet group; B: Control group after stopping high-cholesterol diet; C: Quince group; D: Atorvastatin group; E: Normal diet group TC: Total cholesterol, TG: Triglyceride, LDL: Low density lipoprotein, HDL: High density lipoprotein](ARYA-09-223f1){#f1-ARYA-09-223}

![The alternations in biomarkers and coronary plaque thickness in all groups A: High-cholesterol diet group; B: Control group after stopping high-cholesterol diet; C: Quince group; D: Atorvastatin group; E: Normal diet group AST: Aspartate transaminase; ALT: Alanine transaminase; AP: Alkaline phosphatase; BUN: Blood urea nitrogen, Cr: Creatinine](ARYA-09-223f2){#f2-ARYA-09-223}

![Photomicrograph of a section of normal coronary artery (control group) (a) and hyperplasia were seen in media layer along with high infiltration of cells to plaque formation site (b) X40](ARYA-09-223f3){#f3-ARYA-09-223}

![Photomicrograph of a coronary artery section of the control group after stopping high-cholesterol diet (a), atorvastatin (b), and quince leaf extract (c) groups No considerable difference was seen in the extent of atherosclerotic thickness between the atorvastatin and quince leaf extract groups, and control group](ARYA-09-223f4){#f4-ARYA-09-223}

###### 

Comparison of lipid profile, liver enzymes, and plaque thickness in normal and high-cholesterol diet animals (end of 2 months) and after stopping highcholesterol diet (end of 3 months)

  Groups                  Lipid profile (mg/dl)                                                                                       Liver enzymes                                                 Plaque thickness (µm)                                                                                                                                                                                                                                                                                                                                                                                                          
  ----------------------- ----------------------------------------------------------------------------------------------------------- ------------------------------------------------------------- --------------------------------------------------------------------------------------------------------- -------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- -------------- ----------------------------------------------------------- ---------------------------------------------------------
  Normal-diet             76.7 ± 23.2                                                                                                 179.3 ± 14.8                                                  22.8 ± 6.4                                                                                                68.7 ± 8.5                                               50.3 ± 6.4                                                 68.0 ± 10.1                                                56.3 ± 1.9                                                 5.0 ± 2.65     1.46 ± 0.20                                                 \-
  High-cholesterol diet   467.6 ± 1002.1                                                                                              1925.7 ± 2008.2[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}   2232.8 ± 914.6[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}                                                50.6 ± 2.7[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}   83.0 ± 7.4[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}     104.6 ± 7.5[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}    230.0 ± 31.9[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}   41.14 ± 1.03   2.02 ± 0.31[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}     0.09 ± 0.04[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}
  Control                 1406.0 ± 343.1[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}                                                  1037.3 ± 228.9[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}    1073.3 ± 56.8[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}                                                 42.3 ± 4.8[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}   86.3 ± 10.9                                                78.0 ± 2.0                                                 145.7 ± 26.0                                               41.67 ± 0.88   2.03 ± 0.20                                                 0.06 ± 0.01[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}
  Atorvastatin            813.7 ± 427.7[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}, [\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   386.7 ± 185.1[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}     682.3 ± 368.2                                                                                             54.0 ± 8.1                                               45.0 ± 4.9[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   57.7 ± 6.0[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   134.0 ± 15.1[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}   42.67 ± 1.45   1.44 ± 0.43[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   0.06 ± 0.03[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}
  Quince leaf extract     511.7 ± 174.4[\*](#tfn2-ARYA-09-223){ref-type="table-fn"},[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}    138.3 ± 68.3[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}    534.0 ± 52.3[\*](#tfn2-ARYA-09-223){ref-type="table-fn"},[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   60.0 ± 6.1                                               45.0 ± 7.0[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   68.7 ± 2.7[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}   121.5 ± 39.5[\*](#tfn2-ARYA-09-223){ref-type="table-fn"}   41.00±2.08     1.54±0.22[\*\*](#tfn3-ARYA-09-223){ref-type="table-fn"}     0.04± 0.01

TC: total cholesterol; TG: triglyceride; LDL: low density lipoprotein; HDL: high density lipoprotein; AST: aspartate transaminase; ALT: alanine transaminase; AP: alkaline phosphatase

compared with normal diet group

compared with control group
